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1
FLUID-SAVING PUMP DOWN TOOL

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from the earlier
filed provisional application, U.S. Ser. No. 61/465,945, filed
Mar. 28, 2011, entitled “Fluid Saver Tool” by the same inven-
tor, R. Mickal Taylor.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to instruments for
use in oil and gas drilling operations and more particularly to
apparatus for transporting such instruments within a well.

2. Background of the Invention and Description of the Prior
Art

Transporting oil and gas instruments and tools within a
well bore is typically accomplished by gravity for vertical
wells and with water pumped under high pressure for wells
that have laterals or horizontal paths. In the latter case, after
the tool or other instrumentation is lowered into the well bore
and suspended on the wireline, water is pumped in high
volumes under high pressure into the well to force the tool
package through the well casing. A typical tool has a diameter
that presents some obstruction in the casing to the flow of
water to enable the water pressure to push against the tool,
forcing it along the interior of the casing. Nevertheless,
because the tool is not a complete obstruction to the flow of
water, a substantial portion of the water flows past the tool
below or beyond the position of the tool in the well.

The disadvantages of this “lost” or wasted water, and the
additional pump pressure required to compensate for the
losses due to leakage past the tool, include the use of more
water lost to other beneficial uses, the need for more powerful
pumps and the excess energy required to develop sufficient
pump pressure to overcome the losses due to the lack of full
obstructive effect of the tool, and the extra time required to
complete the transport of the tool to the desired position in the
well. Other disadvantages include the inability to transport a
tool in badly deviated wells, contamination of more water
than necessary if the amount of water required could be
reduced, reduced washing effects on composite plugs that are
located below the tool being transported, and of course the
monetary losses that accompany these inefficiencies. This
problem, if solved, would substantially improve the effi-
ciency of operations in horizontal wells, particularly in the
placement and recovery of tools and the like.

The prior art includes devices that, when sized for use in a
well casing of a known diameter can be used to alternately
provide a blocking effect or a pass-through feature responsive
to the hydrostatic pressure in the well bore. As a blocking
device attached to an instrument string, the instrument string
can be fixed in a desired stationary position in the well bore.
As a pass-through feature, fluid is allowed to flow freely
through the device and the well casing. Such a device is
disclosed in U.S. Pat. No. 4,399,840 issued to Baugh et al.,
which “has a ball [adjustable] between an open position to
allow flow through the drill string for testing and a closed
position to block flow. Operating means convert the ball
between an open and closed position in response to pressures
in the well annulus.” However, to adapt such a device to the
objective of moving or conveying an instrument through a
well casing, the ball or other blocking device would need to be
carefully sized for use in each specific casing size, so as to
obstruct the flow of most of the fluid past the device but not
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such a close fit within the casing as to not move freely through
the casing. Moreover, due to the variety of casing sizes and the
likelihood of variation in the inside diameter of well casings,
such a device would be impractical because of the associated
costs and compromises to provide a device that would work
reliably regardless of the casing inside diameter. For example,
a different size blocking device would be required for each
casing diameter, and the associated housing and support
structure for accommodating each size, including the mecha-
nism for changing its orientation with respect to the direction
of flow, would be expensive in both costs of manufacture and
operation.

Another prior art device is a well packer, a device that is
configured for blocking and sealing a well casing at some
desired location fixed within the well bore. Some are formed
by mechanical structures such as sliding wedges that have
surfaces to conform to the circular well casing that can be
operated to expand after placement into a stationary position
to occupy the entire cross section of the well casing. These
tend to be complex and typically require sealing to be effec-
tive in “packing” the well bore, i.e., acting as a plug in the well
casing. Others may be constructed as inflatable devices.
While these may be adaptable to differing well casing diam-
eters, and may even be able to provide the sealing action
required in a packer, they require a mechanism to inflate them,
which may be an added complexity in their use. Further,
packers are intended to be installed at a desired position and
left in place. A well packer is used as a stationary device to
plug the well at a desired location. It is not intended to move
to fulfill its function. This is in contrast to the need to provide
a device that must move readily to transport or convey a tool
through a well bore, including a horizontal well, to a specific
location using water pressure, and thereafter removing the
device because it is no longer needed for moving the tool.

What is needed is a practical way to reduce the amount of
water and water pressure required to transport a tool through
the casing, while speeding the process to accomplish the
objective in less time. A practical solution must be inexpen-
sive to manufacture, easy to use, reliable, reusable, and able to
withstand the severe operating conditions found in a well
bore, particularly one involving substantial lateral passages
and passages that are badly deviated. A deviated wellis one in
which the well bore deviates from the vertical direction, as in
horizontal drilling or changing the course of the well bore to
reach an objective not in a vertical line with the well bore at
the surface.

SUMMARY OF THE INVENTION

Accordingly there is disclosed a fluid saver tool that, when
deployed in a wireline string with the instruments being low-
ered and positioned in a well, enables the deployment opera-
tion to be accomplished with much less water, lower pres-
sures and energy losses, and substantially less time required
to complete the operation.

A fluid-saving pump down tool comprises a variable diam-
eter piston assembly formed as a resilient, expandable cylin-
drical member for being disposed in wireline string between
a fixed seat and a sliding thrust bushing and configured to
expand its diameter in the presence of a high volume fluid
flow within a well casing and contract its diameter in the
absence of the high volume fluid flow.

In one aspect a fluid-saving pump down tool comprises a
main shaft having a concentric seat attached to a lower end of
the main shaft and a variable-diameter piston assembly con-
centrically disposed on the main shaft and seated against the
concentric seat. A concentric thrust bushing is installed on the
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main shaft in contact with an upper end of variable diameter
piston opposite from the concentric seat.

In another aspect, the variable diameter piston assembly
comprises a hollow cylindrical member formed of an elasto-
meric or rubber material. The cylindrical member may have a
thinner wall thickness along a central portion thereof than the
wall thickness at each end of the cylindrical member. The
cylindrical member may have a constant outside diameter and
an inside diameter that is greater along the central portion
than at and near the ends of the cylindrical member.

In another aspect, the variable-diameter piston assembly
comprises an internal helical spring concentrically disposed
on the main shaft within the cylindrical member and seated
against the concentric seat.

Inanother aspect, the helical spring comprises a helical coil
formed of spring steel having an outside diameter substan-
tially equal to the nominal inside diameter of the cylindrical
member, a length substantially equal to the length of the
cylindrical member, and a tension within the range of 50 to 80
pounds when compressed to half its length.

In another aspect, the variable diameter piston assembly
includes an expansion-limiting spacer disposed between the
lower end of the helical spring within the cylindrical member
and the concentric seat, whereby the spacer is supplied in a
variety of thicknesses corresponding to the inside diameter of
the well casing with which the fluid saver tool will be used.

In operation, when inserted into the wireline of a string, the
cylindrical member, in cooperation with the concentric seat
fixed to the main shaft and the concentric thrust bushing,
which is configured to slide along the main shaft, forms a
variable diameter piston assembly that expands under the
water pressure provided from surface pumps, and contracts to
its nominal diameter when the pump pressure ceases. The
expansion of the variable diameter piston assembly fills the
cross section of the well casing by a predetermined amount so
that the amount of water and pressure leakage around the fluid
saver tool is minimized. Accordingly, substantially all of the
water (or other fluid) volume and pressure applied to the fluid
saver tool is utilized in transporting the tool string down and
through the well casing. When the tool is in the desired
position, the water pressure is reduced and the helical spring
and inherent resilience in the cylindrical member supplies a
restoring force to return the cylindrical member to its relaxed
cylindrical form, allowing water or other fluids to flow past
the fluid saver tool for other operations. The spacer disposed
on the main shaft provides an adjustment shim to reduce the
contraction of the helical spring for smaller diameter casings
so that the amount of expansion of the variable diameter
piston assembly matches the inside diameter of the well cas-
ing without making a tight sealing contact in the presence of
the water pressure used to drive the instrument string through
the well bore.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a side perspective view of one embodi-
ment of a fluid saver tool according to the present invention;

FIG. 2 illustrates a cross section view of the embodiment of
FIG. 1 inserted in a well casing in a static condition with no
fluid being pumped into the well and showing that fluid may
flow freely past the device;

FIG. 3 illustrates a cross section view of the embodiment of
FIG. 1 inserted in a well casing in a pressurized condition
with fluid under pressure being pumped into the well and
showing the flow of fluid substantially impeded;
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FIG. 4 illustrates a side cross section view of a variable
diameter piston assembly for use in the embodiment of FIG.
1

FIG. 5 illustrates a side cross section view of an expansion
body comprising a hollow cylindrical member configured for
use in the variable diameter piston assembly of FIG. 4; and

FIG. 6 illustrates a top-down plan view of a thrust bushing
for use in the variable diameter piston assembly of FIG. 4.

DETAILED DESCRIPTION OF THE INVENTION

The following detailed description, read in conjunction
with the drawings provided herein, is intended to be illustra-
tive of the principles of the invention. The illustrated embodi-
ments are accordingly not intended to be limiting of the scope
of the invention as set forth in the appended claims to the
invention. In the drawings reference numbers are retained and
carried forward for structures that appear in multiple figures.

Completion of horizontal wells, particularly in the oil and
gas drilling field, presents challenges not heretofore existent
in traditional vertical well operations. Wireline services are
employed to provide important and critical services in this
completion activity. Horizontal wells are typically not only
deeper but often extend thousands of feet into one or more
horizontal paths or “laterals” that extend the distance through
which wireline tools to be deployed must be transported or
conveyed. In conventional practice, high volumes of fluid are
pumped under high pressures against the wireline tools to
transport—Iliterally “force”—them to the desired depth. This
technique is inefficient and wasteful of fluid and energy
because much of the fluid—usually water—bypasses the tool
being deployed and requires pumps having higher horse-
power motors to overcome the pressure losses due to the fluid
bypass.

The fluid saver tool described herein solves this long-
standing problem by providing a tool to insert in the wireline
string. Although it is often installed above or near the upper
end of the other tools in the string, this is not a requirement
because the fluid saver tool described herein may be installed
anywhere in the wireline string. The fluid saver tool has a
variable-diameter piston that is caused to expand by the pres-
sure of the fluid being used to transport the string of wireline
tools. The variable diameter piston includes a resilient,
expandable cylindrical member disposed in the wireline
string and configured to expand its diameter in the presence of
high volume fluid flow within the well casing and contract its
diameter in the absence of the high volume fluid floe. The
variable diameter piston thus expands to a diameter near the
inside diameter of the well casing and contracts to its nominal
or quiescent diameter depending on the presence or absence
of fluid flowing through the well casing at a relatively high
volume. The high volume fluid flow may be supplied by
pumping the fluid from the surface, for example.

When the variable diameter piston assembly in the fluid
saver tool is fully expanded, it occupies nearly all of the inside
cross section of the well casing so that it functions as a piston
in a cylinder, enabling the piston assembly to move along the
well casing with the high volume flow of the fluid being
pumped into the well casing. The key functional aspect of the
variable diameter piston assembly is that it moves within the
well casing as it fulfills its primary function. It does not
remain stationary except when it reaches the desired position
of the wireline tool string in the well and the flow of fluid is
stopped, causing the variable diameter piston assembly to
contract to its quiescent condition so that it no longer blocks
the flow of fluid material.
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In an illustrated embodiment of the present invention, the
pressure of the fluid pumped into the well casing, which arises
from a high volume of fluid being pumped, pushes against a
thrust bushing that bears against the variable piston, overcom-
ing the tension of an internal spring, to compress the length of
the variable piston so that it expands its diameter to substan-
tially fill the inside diameter of the well casing. Thus, the fluid
being pumped into the well casing presses against the entire
cross sectional area of the expanded piston and very little fluid
is allowed to bypass the fluid saver tool. The tool and the
wireline string attached to it are thus transported with much
less fluid and much less energy needed to drive the pump
being required to deploy the tools to the desired depth or
position. When the tools are fully deployed, the pump pres-
sure is removed and the variable piston contracts back to its
quiescent condition under the restoring action of the internal
spring and the resilient cylindrical member as will be
described. Fluids are then enabled to bypass the fluid saving
tool as other operations are carried out. The fluid saver tool
may be equipped with spring steel centralizing springs to
maintain the tool in alignment with the well casing centerline,
primarily to prevent the variable-diameter piston from rub-
bing against the interior of the well casing.

The cost savings that result from the use of the fluid saver
tool are substantial and include much less fluid use (and the
associated costs of making it available to the drilling site),
lower pump flow rates and reduced energy required to operate
the pump, less contamination of the formation, and faster
wireline run times. Further, the fluid saver tool enables tools
to be deployed in badly deviated wells, even those having
positive inclines deep below the earth’s surface. For example,
the fluid saver tool can be successfully used in an inclined
lateral of 110° or more. The tool may also be adapted to
fishing operations and may also, when used with composite
bridge plugs, result in lower washing effects.

FIG. 1 illustrates a perspective view of one embodiment of
a fluid saver tool according to the present invention. The fluid
saver tool 10 is disposed along a main shaft 12 having a bore
14 centered along its longitudinal axis to receive a wireline
conductor. At the upper end of the main shaft 12 is a coupling
device 16 for connecting the tool 10 into a wireline string (not
shown as it is well known in the art). Similarly a coupling
device 18 is disposed at a lower end of the main shaft 12 for
connecting to the wireline string. The bore 14 is provided to
accommodate an insulated electrical conductor 20 that may
be used with the fluid saver tool 10. The electrical conductor
20 (not shown) may preferably be insulated with a material
resistant to high temperatures and harsh chemicals.

Continuing with FIG. 1, the variable diameter piston
assembly 44 will be described. Disposed concentric with the
main shaft 12 is a cylindrical member 30 having a retaining
ring 32 integrally attached thereto at a lower end of the cylin-
drical member 30. The cylindrical member 30 and the retain-
ing ring 32, an assembly further described in FIGS. 4 and 5, is
seated against a piston assembly seat 34 that is also concen-
trically disposed about the main shaft 12. The piston assem-
bly seat 34 is secured to the main shaft 12 by secure mechani-
cal means well known in the mechanical arts such as set
screws (not shown) and the like. Disposed within the cylin-
drical member 30 and seated against the piston assembly seat
34 is a floating expansion limiting spacer 36. The lower end of
an internal helical spring 38 is also disposed within the cylin-
drical member 30 and shown seated against the spacer 36. A
sliding thrust bushing 40, concentrically disposed around the
main shaft 12 is positioned in contact with the upper end of
the cylindrical member 30 and the upper end of the internal
helical spring 38. The thrust bushing 40 includes a plurality of
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equalizing slots or ports that pass through the thrust bushing
into the interior portion of the cylindrical member. The
assembly of components 30, 32, 36, 38, and 40 together form
the variable diameter piston assembly 44. A stop collar 46 is
secured to the upper end of the main shaft 12 to limit the travel
of'the thrust bushing 40 as the variable diameter piston assem-
bly expands along the main shaft 12 when restoring the piston
assembly 44 to its quiescent length as will be explained.

The fluid saver tool 10 may also be equipped with a cen-
tralizing device 56. In the example illustrated a plurality of
centralizer or “bow” springs 54 are connected at a first end
thereof to a first bow spring housing 50 and at a second end
thereof to a second bow spring housing 52. Although not a
specific requirement, the first bow spring housing 50 may be
disposed toward the upward end of the main shaft 12 and the
second bow spring housing 52 toward the lower end if the
main shaft 12. The first bow spring housing 50 may be
secured to the main shaft 12 by conventional means well
known in the mechanical arts (not shown) and the second bow
spring housing 52 may be configured to slide along the main
shaft 12 as the bow springs 54 flex when in contact with the
inside wall of the well casing (see FIGS. 2 and 3). The bow
springs 54 may be formed of spring steel selected for the
purpose, as is well known in the art. The centralizing device
56 is used primarily to keep the variable diameter piston
assembly 44 from rubbing against the inside wall of the well
casing and causing undue wear and premature failure. The
centralizing function is also operative to ensure full expan-
sion of the variable diameter piston assembly 44 for the most
efficient operation of the fluid saver tool 10.

FIG. 2 illustrates a cross section view of the embodiment of
FIG. 11inserted in a well casing 60 in a static condition with no
water being pumped into the well and the fluid saver tool 10
disposed in a quiescent state or condition as it would be with
no fluid being pumped into or through the well casing 60, or
with fluid 62 flowing in the well casing but not being pumped
under pressure.

The well casing in both FIGS. 2 and 3 is shown propor-
tionately larger than scale relative to the fluid saver tool to
more clearly depict its operation. The arrows are provided to
show the free flow, in either direction, of fluid 62 past the fluid
saver tool 10 when itis ina quiescent state. The well casing 60
and the fluid 62 do not form part of the invention. In the
quiescent state, the cylindrical member 30 of the variable
diameter piston assembly 44 is relaxed to its static nominal
diameter as shown in FIG. 4, and restored to its full length
under the action of the internal spring 38. In this state, the
cylindrical member 30 and internal spring 38 are fixed in
position between the spacer 36 and piston assembly seat 34
and the thrust bushing 40 and stop collar 46. It will be recalled
that both the piston seat 34 and the stop collar 46 are secured
to the main shaft 12.

FIG. 3, which is similar in most respects to FIG. 2 includ-
ing the identified structures of the fluid saver tool 10, illus-
trates a cross section view of the embodiment of FIG. 1
inserted in a well casing 60 in a pressurized condition with
fluid 64 under pressure being pumped into the well and show-
ing the cross section of the casing is filled substantially by the
variable diameter piston assembly 44. In this condition the
fluid saver device 10 and other instruments connected to it in
the wireline are caused to move readily through the well
casing 60. The well casing 60 and the fluid 62 do not form part
of'the invention. In the pressurized state, the cylindrical mem-
ber 30 of the variable diameter piston assembly 44 is
expanded to its full diameter, substantially filling the inside
diameter of the well casing 60. The piston thus formed
enables the fluid pressure to bear against it and cause the



US 9,347,290 B2

7

wireline string connected to it via the main shaft 12 to be
conveyed downstream through the casing 60. The pressure of
the fluid having exceeded the tension in the internal spring 38,
the length of the piston assembly 44 is contracted as the
diameter expands. In this state, the cylindrical member 30 and
internal spring 38 are forced against the piston assembly seat
34 and the thrust bushing 40 is shown in a position below the
stop collar 46.

FIG. 4 illustrates a side cross section view of one embodi-
ment of the variable diameter piston assembly 44 for use in
the fluid saver tool 10, including the same structural features
of'the piston assembly 44 that are depicted in FIG. 1, butin a
larger view to show the relationship of the components and
further details of their construction. For example, the cylin-
drical member 30 in this illustrated embodiment may be
formed by molding of a nitrile rubber material having a nomi-
nal Shore durometer (“A” Scale) of approximately 70. The
nitrile rubber cylindrical member 30 is bonded to a mild steel
retaining ring 32 during the molding process to reinforce and
give a stable shape to the cylindrical member 30 during the
operation of the fluid saver tool 10.

An important feature of the cylindrical member 30 illus-
trated in FIGS. 4 and 5 is the variation of its inside diameter
within the central portion 72 of the length 70 ofthe cylindrical
member 30. As will be described, the cylindrical member 30
becomes an expansion body when subject to high pressure
fluid pumped into the well bore. The cylindrical member 30
has a defined length 70, a constant outside diameter 72, and a
variable inside diameter 74, 76. Near the open ends of the
cylindrical member 30 the inside diameter is a constant value
74. In the central portion 78 of the cylindrical member 30 the
inside diameter 76 is increased by a predetermined amount
(see FIG. 5). The inside diameter 76 is increased from the
nominal inside diameter 74 of the cylindrical member 30, at
approximately one quarter of the length 70 from each end of
the cylindrical member 30, toward the longitudinal center of
the cylindrical member 30 where the inside diameter 76 is at
a maximum value. The purpose of this increased diameter is
to reduce the wall thickness 80 of the cylindrical member 30,
enabling it to flex when the cylindrical member 30 is under
pressure in the direction of its longitudinal axis. This causes
the cylindrical member 30 to bulge outward under the pres-
sure of the fluid being pumped into the well bore, thus
expanding the outside diameter of the cylindrical member 30
and the variable diameter piston assembly 44. It is this action
that causes the fluid saver tool 10 to substantially fill the inside
diameter of the well casing 60 forming a piston that enables
the wireline string connected to the fluid saver tool 10 to be
pushed more efficiently with less fluid and pump pressure
required to deploy the wireline string to the desired depth.
When the pump pressure is removed, the resilient property of
the nitrile rubber material restores the cylindrical member 30
to its original nominal outside diameter and the internal
spring 38 urges the thrust bushing 40 back to its quiescent
position along the main shaft 12, allowing the cylindrical
member 30 to return to its nominal full length 70.

FIG. 5 depicts a side cross section view of an expansion
body for the variable diameter piston assembly 44 comprising
the hollow cylindrical member 30 illustrated in FIG. 4. As
described herein above, the cylindrical member 30 is formed
by molding of a nitrile rubber material that is bonded to a
machined, mild steel retaining ring during the molding pro-
cess. The nitrile rubber is chosen to have a Shore “A” Scale
durometer of 70 in this illustrative example to enable expan-
sion of the cylindrical member 30 when under longitudinal
compression force as when fluid is pumped into the well bore
under high pressure. As described, the inside diameter 76 of
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the central portion 78 of the cylindrical member 30 is
increased by a predetermined amount from the nominal
inside diameter 74 of the cylindrical member 30, beginning
approximately one quarter of the length 70 from each end of
the cylindrical member 30 and increasing toward the approxi-
mate longitudinal center of the cylindrical member 30 where
the inside diameter is at a maximum value 76. While the exact
position of the point where the inside diameter begins to
increase is not critical, it is important that the inside diameter
increase gradually toward the central portion of the cylindri-
cal member, by just enough to ensure that the central portion
of'the cylindrical member will flex outward to expand toward
the well casing to impede the flow of fluid and cause the tool
string to move. The amount of increase in the inside diameter
will depend on the particular application. There must be
enough increase to permit the expansion of the variable diam-
eter of the piston assembly at the proper fluid volume of flow,
and enough resiliency in the cylindrical member to resist the
fluid flow sufficiently to maintain stable operation and assist
in the return of the cylindrical member to its relaxed, quies-
cent state when the flow of fluid ceases.

In the example depicted in FIG. 5, the cylindrical member
30, at six inches long, and nominally 334 inches in outside
diameter 72 and 2Y% inches in nominal inside diameter 74, is
sized for use with a nominal well casing outside diameter of
415 inches and inside diameters in the range of 3'% to 4%
inches. The inside diameters of the well casing, as is well
known, may vary depending on the weight of the casing
sections. These inside casing diameters correspond to a range
of cylindrical member lengths of 5%4 to 4% inches. The com-
pressed length of the cylindrical member 30 is adjustable in
the fluid saver tool 10 according to the present invention, by
varying the thickness (in the direction of the longitudinal axis
of the main shaft) of the expansion limiting spacer 36 as
shown in FIG. 4. For use with a casing inside diameter of 312
inches the thickness of the spacer 36 may be approximately
134 inches; for a casing having an inside diameter of 4V4 inch,
the spacer thickness may be approximately ¥ inch thick.
When restored to its full length, the cylindrical member 30 is
six inches long in this typical example.

Variations in the construction of the illustrated embodi-
ment are contemplated to adapt the fluid saver tool to different
sizes of well casings. For example, the dimensions of the
components, the tension of the spring, and the durometer
rating of the material used for the resilient cylindrical member
may all be varied to the scale of the particular application.
Materials other than the nitrile rubber suggested herein may
be suitable provided it has the necessary properties as to
durometer, resistance to toxic or harsh chemicals, durability
and abrasion resistance, and the ability to be machined or
molded to fabricate the component, etc. Some embodiments
may use alternate placement of the helical spring or even a
spring configured as other than a helical form or coil. The
spring may be embedded within the body of the cylindrical
member during, for example, a molding process. In some
configurations the spring may be eliminated if the material
used for the cylindrical member has sufficient resiliency to
resist the fluid flow in the application until an appropriate
level is reached to cause the fluid saver tool to begin to
traverse within the well casing. In the present illustrated
example, the tension in the helical spring is set at about 70 Ib.
when compressed to the point where the cylindrical member
begins to expand toward the inside wall of the well casing. In
the embodiment described herein the inherent tension in the
cylindrical member 30 to be overcome by the pressure of the
fluid flow is approximately 65 lb. at the point where the
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expansion of the cylindrical member begins. The sum of these
two figures, 135 1b. in this example, is thus the threshold
where expansion is initiated.

Operation of the fluid saver tool for the embodiment
depicted herein is described as follows. Typically, tools can be
lowered in a well by gravity until the inclination from vertical
reaches 60 or 70 degrees, after which fluid—usually water—
is pumped into the well under high pressure to cause the tool
string to continue its movement through the well. In some
instances the pump pressure is applied when the inclination is
in the range 0f 30 to 60 degrees. At 90 degrees’ inclination the
required volume of flow to get the tool moving is typically 10
to 12 barrels (bbls.) of fluid per minute without the fluid saver
tool and approximately 4 to 6 barrels per minute when using
the fluid saver tool. This reduction in the amount of fluid or
water required represents a very substantial saving of fluid
and energy to operate the pump, and the operation is generally
completed in much less time, all of which are among the
economic benefits of the fluid saver tool disclosed herein.

To continue with the above example, at approximately 135
Ib. pressure exerted on the fluid saver tool the cylindrical
member 30 begins to expand. This corresponds roughly to
approximately 1.2 to 1.8 barrels per minute of fluid flow. The
expansion of the cylindrical member 30 in the variable diam-
eter piston assembly 44 continues as the fluid flow volume
increases to 4 to 6 barrels per minute corresponding to
approximately 475 1b. of pressure exerted on the piston
assembly, at which point the tool string begins to move. These
illustrative figures for a typical example involving a typical
tool string in a typical well, are presented as a comparison to
placing a tool string without using the fluid saver tool under
the same conditions, wherein the amount of fluid is in the
range of 10 to 12 barrels per minute. Many conditions can
effect these numbers, such as the inclination, depth of the
well, length of the tool string, diameter of the well casing,
whether there are obstructions or other impediments to the
movement of the tool string or the flow of fluid, etc.

FIG. 6 illustrates a top-down plan view of a thrust bushing
foruse in the variable diameter piston assembly of FIG. 4. The
thrust bushing 40 may be machined from mild steel, and
dimensioned to match the configuration of the cylindrical
member 30, internal helical spring 38, and the main shaft 12
when these components come into contact during operation
of'the fluid savertool 10. Additionally, a number of equalizing
ports 42, typically six are provided at substantially equal
intervals around the circumference of the thrust bushing 40,
may be provided through the thrust bushing 40 approximately
parallel to the longitudinal axis of the main shaft 12. These
ports 42 equalize the fluid pressure inside the variable diam-
eter piston assembly 44 with the fluid pressure outside of it.

It is important to realize that it is the pressure of the fluid
pumped at a high volume flow into the well casing 60 that
exceeds the combined tension in the internal helical spring 38
and the resiliency inherent in the cylindrical member 30 to
cause the thrust bushing 40 to begin movement along the main
shaft 12 and the variable diameter piston assembly 44 to
expand. As the expansion of the variable diameter piston
assembly 44 expands to the inside diameter of the well casing
60, movement of the fluid saver tool 10 is enabled and the
wireline connected to it to deploy the wireline assembly con-
nected to the fluid saver tool 10 in the well bore. The equal-
ization ports 42 ensure that the pressures within the variable
diameter piston assembly 44 are the same as the external
pressure so that the operation of the variable diameter piston
assembly 44 is not impaired. Persons skilled in the art will
realize that the mechanism of operation of the variable diam-
eter piston assembly 44 is not inflation of the cylindrical
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member 30 because the equalization ports ensure that the
pressures within the cylindrical member 30 remain the same
as the pressures external to it. The mechanism that causes the
variable piston assembly 44 to expand is the high volume flow
of fluid pumped into the well casing from the surface as
described herein.

While the invention has been shown in only one of its
forms, it is not thus limited but is susceptible to various
changes and modifications without departing from the spirit
thereof. In one alternative embodiment the helical spring 38
disposed within the cylindrical member 30 may be placed
outside the cylindrical member in tension between the thrust
bushing 40 and a collar stop 46. This configuration provides
most of the restoring force to the cylindrical member 30 when
the fluid pressure is reduced and thereby allows the diameter
of the variable diameter piston assembly 44 to return to its
quiescent length. In other words, an external helical spring
may be used to extend in the presence of the fluid pressure and
contract when the pressure is removed to “pull” the cylindri-
cal member 30 back to its original or quiescent length. This
alternate embodiment provides a fluid saving tool better
adapted to smaller diameter well bores.

In another embodiment, the helical spring may be disposed
outside the cylindrical member in combination with the con-
centric seat and thrust bushing adapted to operate with this
alternate placement of the spring, whereby the fluid saver tool
would function similarly to the illustrated embodiment. In yet
another variation of the illustrated embodiment a spring
member may be embedded within the body of the cylindrical
member with similar results operationally. Alternatively, the
cylindrical member itself may be configured with sufficient
inherent resiliency to function as a variable diameter piston
assembly without requiring a separate spring member to sup-
ply the resilient property. Further, the variable diameter pis-
ton assembly may be constructed of other materials and
employ mechanisms other than spring-aided resilient mate-
rials as long as it affords the property of expanding in the
presence of high volume fluid flow within the well casing and
contracting back to its nominal diameter when the fluid flow
ceases. Such embodiments are contemplated by the present
invention and encompassed within the scope of the appended
claims without limitation to the particular construction fea-
tures of the embodiment illustrated herein above, which is
provided to demonstrate in one example the principles of the
invention.

Thus is provided a fluid saver tool having a variable diam-
eter piston assembly formed as a resilient, expandable cylin-
drical member for being disposed in wireline string and con-
figured to expand its diameter in the presence of a high
volume fluid flow within a well casing and contract its diam-
eter in the absence of the high volume fluid flow.

What is claimed is:

1. A fluid-saving pump down tool to transport a wireline
tool string downward through a well casing, comprising:

a main shaft having a concentric seat fixed thereto toward

a lower end of said main shatt;

a hollow expandable cylinder forming a variable-diameter
piston concentrically disposed on said main shaft and
seated against said concentric seat;

abow spring assembly surrounding said variable-diameter
piston and fixed to said main shaft located at one end of
said bow spring assembly; and

a sliding thrust bushing configured to slide along said main
shaft outside said hollow expandable cylinder spring
assembly;

said hollow expandable cylinder formed of an elastomeric
material and having a reduced wall thickness interme-
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diate a defined length thereof, wherein said reduced wall
thickness intermediate said defined length thereof flexes
outward under fluid pressure from fluid pumped into a
wellbore, and wherein said fluid pressure from said fluid
pumped into said wellbore bears against said variable-
diameter piston causing said wireline string tool to be
conveyed through said well casing.

2. The apparatus of claim 1, wherein:

said sliding thrust bushing outside said hollow expandable
cylinder is a concentric thrust bushing installed on said
main shaft in contact with an upper end of said variable-
diameter piston opposite said concentric seat.

3. The apparatus of claim 2, wherein said variable-diameter

piston comprises:

the hollow expandable cylinder having predetermined
inside and outside diameters; and

an internal helical spring concentrically disposed on said
main shaft within said variable-diameter piston and
seated against said concentric seat.

4. The apparatus of claim 3, wherein said inside diameter of

said variable-diameter piston comprises:

apredetermined first dimension at each end of said hollow
expandable cylinder, said first dimension increasing a
predetermined amount from a first distance from said
each end of said hollow expandable cylinder toward a
second dimension approximately half way between said
each end of said hollow expandable cylinder.

5. The apparatus of claim 3, wherein said internal helical

spring comprises:

a helical coil formed of spring steel having an outside
diameter substantially equal to a nominal inside diam-
eter of said hollow expandable cylinder, a length sub-
stantially equal to said defined length of said hollow
expandable cylinder and a tension within the range of 50
to 80 pounds when compressed to half of said length.

6. The apparatus of claim 3, further comprising:

a circular spacer, having a height dimension along a lon-
gitudinal axis of said main shaft and said predetermined
inside and outside diameters, concentrically disposed on
said main shaft within said hollow expandable cylinder
between a lower end of said internal helical spring and
said concentric seat.

7. The apparatus of claim 6, wherein said height of said
circular spacer is variable in correspondence with an inside
diameter of said well casing in which the fluid-saving pump
down tool is deployed.

8. The apparatus of claim 2, wherein said variable-diameter
piston assembly comprises:

said hollow expandable cylinder having predetermined
inside and outside diameters; and

an external helical spring concentrically disposed on said
main shaft outside and above said variable-diameter pis-
ton and seated against said concentric thrust bushing.

9. The apparatus of claim 1, wherein said elastomeric mate-
rial has a durometer between 60 and 80.

10. The apparatus of claim 1, wherein:

said bow spring assembly surrounding said variable-diam-
eter piston and fixed to said main shaft located at one end
of'said bow spring assembly is configured to slide along
said main shaft.

11. The apparatus of claim 1, wherein said main shaft

comprises:

an elongated cylindrical body formed of metal having a
longitudinal bore disposed therethrough.

12. The apparatus of claim 1, wherein said main shaft

comprises:
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means for coupling a second tool to a lower end of said
main shaft, wherein said means includes a connection
for an electrical conductor.

13. The apparatus of claim 1, wherein said variable-diam-

eter piston comprises:

said hollow elastomeric cylinder having predetermined
inside and outside diameters; and

a retaining ring formed of machined metal attached to a
lower end thereof.

14. A fluid-saving pump down tool to transport a wireline

tool string downward through a well casing, comprising:

a variable-diameter piston assembly formed as a hollow
expandable cylindrical member for being disposed in
said wireline tool string between a fixed seat, a bow
spring assembly surrounding said variable-diameter pis-
ton and fixed to a main shaft located at one end of said
bow spring assembly and a sliding thrust bushing con-
figured to slide along said main shaft outside said hollow
expandable cylindrical member and inside said bow
spring assembly, and a diameter of the variable-diameter
piston is configured to expand in presence of a high
volume fluid flow within said well casing and contract
said diameter in absence of said high volume fluid flow,
said expandable cylindrical member having a reduced
wall thickness intermediate of ends thereof, wherein
said reduced wall thickness intermediate of said ends
thereof flexes outward under fluid pressure from fluid
pumped into a wellbore, and wherein said fluid pressure
from said fluid pumped into said wellbore bears against
said variable-diameter piston assembly causing said
wireline string tool to be conveyed through said well
casing.

15. The fluid-saving pump down tool of claim 14, wherein
said hollow expandable cylindrical member further com-
prises:

aresilient cylinder, having a variable inside diameter and a
coil spring enclosed concentrically there with, disposed
concentrically on a main shaft coupled in said wireline
tool string.

16. The fluid-saving pump down tool of claim 14, wherein:

said bow spring assembly surrounding said variable-diam-
eter piston and fixed to a main shaft located at one end of
said bow spring assembly is configured to slide along
said main shaft.

17. A method for minimizing pump down fluid use during
apump down operation to transport a wireline tool downward
through a well casing, comprising the steps of:

providing a fluid saver tool having a variable-diameter
piston formed as a hollow, expandable cylinder, said
hollow expandable cylinder having a reduced wall thick-
ness intermediate a defined length thereof wherein said
reduced wall thickness intermediate said defined length
thereof flexes outward under fluid pressure from fluid
pumped into a wellbore, and wherein said fluid pressure
from said fluid pumped into said wellbore bears against
said variable-diameter piston causing said wireline tool
to be conveyed through said well casing;

disposing said hollow expandable cylinder concentric with
a main shaft located between a seat fixed to said main
shaft at a lower end of said cylinder and a sliding thrust
bushing disposed along said main shaft at an upper end
of said cylinder;

enclosing a coil spring on said main shaft between said seat
and said sliding thrust bushing;

placing said fluid saver tool coupled with said wireline tool
into said well; and
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configuring said variable-diameter piston with a reduced
wall thickness along an intermediate portion thereof to
expand a diameter of said hollow expandable cylinder
within said well casing when said fluid flows at high
volume against said hollow expandable cylinder and to
contract said diameter of said hollow expandable cylin-
der when said fluid flow ceases.
18. The method of claim 17, wherein the step of configur-
ing includes the step of:
configuring said variable-diameter piston of an elastomeric
material with a reduced wall thickness along said
defined length thereof'to facilitate said variable diameter
piston to expand and contract said diameter of said hol-
low expandable cylinder.
19. The method of claim 17, wherein the step of configur-
ing comprises the steps of:
enabling said variable diameter piston to expand said diam-
eter of said hollow expandable cylinder while compress-
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ing said concentric coil spring in presence of the high
volume of fluid flow down said well; and
ceasing said fluid flow volume to allow said coil spring to
restore said variable diameter piston to a nominal diam-
eter.
20. The method of claim 19, wherein the step of enabling
comprises the step of:
allowing said coil spring to compress by a predetermined
amount when said fluid flow volume increases said fluid
pressure within said well casing beyond a prescribed
level.
21. The method of claim 20, wherein the step of allowing
comprises the step of:
balancing said fluid pressure with the tension in said coil
spring to permit said variable-diameter piston to expand
to said diameter of said hollow expandable cylinder near
an inside diameter of said well casing.
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